The proportion of patients with FCA varied greatly between diVerent occupational groups from 2.5% to 17.4%, (b) the highest occupational risk of FCA was associated with work as a masseur or physiotherapist, metal furnace operator, potter or glass maker etc, or geriatric nurse, (c) non-occupational factors that influenced risk of FCA included atopy, female sex, several sites, in particular the axillae, and increasing age. Conclusions-Occupations with a high risk of FCA were identified as targets of preventive action-that is, the substitution of scented products with fragrance free materials with which to work (skin disinfectants, cleaning solutions, personal care products) wherever possible. (Occup Environ Med 2001;58:392-398) 
Considering the ubiquitous occurrence of fragrance materials, the risk of side eVects is small. 1 However, in clinical populations (patch test patients) the fragrance mix, eight common fragrances, is one of the leading contact allergens world wide. 2 On a population level, about 1% seem to have fragrance contact allergy (FCA), according to the Danish Glostrup allergy study. 3 Thus, FCA is an important public health issue.
Previous studies evaluating factors associated with a given contact sensitisation by multifactorial analysis have hinted at the usefulness of this approach to obtain estimates of the degree of association between certain risk factors while controlling for other, confounding factors. 4 5 However, the association between certain occupations (as markers of respective occupational exposure) and a particular contact sensitisation-namely, FCA-has not yet been considered. In view of various sources of contact to scented materials in diVerent work environments, such an analysis could contribute to occupational risk assessment, disentangling occupational and non-occupational factors. The present epidemiological study reports on the risk of FCA associated with diVerent occupations, controlling for a diVerent distribution of various potential confounding factors in these occupations, and attempts to provide insight into the needs for future in depth research for improving prevention of contact sensitisation to fragrances.
Methods
The Information Network of Departments of Dermatology (IVDK) surveys the epidemiology of contact allergy and has been described in detail, [6] [7] [8] including its approach to the epidemiology of occupational contact dermatitis. 9 Basically, all patch test results and a standardised history of all patients patch tested in the participating centres are recorded and transferred to the data centre in Göttingen at regular intervals for pooled analysis. Thus, the IVDK assesses clinical epidemiology: analyses based on data of patients referred for the evaluation of suspected contact allergy, as opposed to population based epidemiological approaches. Data management and analysis are performed with the program package SAS (Version 8.1, SAS Institute, Cary, NC).
In the present analysis, contact allergy to the fragrance mix is considered. The fragrance mix contains eight perfume compounds (oak moss, isoeugenol, eugenol, cinnamic aldehyde, geraniol, hydroxycitronellal, cinnamic alcohol, -amylcinnamic aldehyde, 1% each) in petrolatum as the test vehicle and is supplied by Hermal/Trolab, Reinbek, Germany. It is regarded as a relatively good screening test for FCA in general. All patients patch tested in the participating centres of the IVDK between January 1992 and December 1998 were included in this analysis. During the several years of documentation since the beginning of the IVDK project in 1989, a patient may have been recorded more than once due to several consultations, and is identified as a diVerent "case" each time. If there were multiple consultations of one patient, the case with the strongest reaction to the fragrance mix was selected for the present analysis. The anamnestic profile included the site of current dermatitis, information on previous or current atopic dermatitis, age, sex, the year in which the patch test was performed, and the current occupation. Occupations are registered within the IVDK primarily with the code numbers of the Federal Statistical Bureau (maximum: three digit precision). 10 For the purpose of the present analysis, single occupations were aggregated to occupational groups if considered appropriate from the point of view of a presumably homogenous occupational exposure profile to contact with scented materials. In this paper, key international code numbers 11 are given to enable international comparisons, despite some general limitations of the validity of work exposures described this way. 12 Numbers of major and minor groups were padded with trailing 
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www.occenvmed.com zeros to present four digit numbers throughout. To describe the proportion of workers in the respective occupational groups examined in the IVDK centres relative to the total number of people employed in these occupations in Germany, the mean numbers of employed people (in the period considered) were retrieved from the Federal Labour OYce (http://www.arbeitsamt.de) and are shown in tables 1 and 2.
As a first step, the proportions of people who reacted with at least a weakly positive (+) reaction, and at least a positive (++) reaction to the fragrance mix on the 3rd day of the patch test were identified and aggregated on the level of current occupations and occupational groups. Results are shown in table 1 for those occupations with prevalence of FCA above average, and in table 2 for those occupations with prevalence of FCA below average.
Secondly, the association between seniority (duration of occupational exposure, categorised in the quartiles of the actual distribution) and prevalence of FCA was analysed for selected occupations and occupational groups. For this purpose, the proportions of people with FCA within the quartiles of the respective seniorities were determined.
Thirdly, Poisson regression analysis was performed. The model included all 52 occupations and occupational groups, 14 sites, age, sex, year of patch test, and atopic dermatitis (past or present, derived from the patient's history). The site of current contact dermatitis was classified according to similar previous analyses 4 13 and clinical knowledge of particular patterns of allergic contact dermatitis to fragrances. 1 14 Age was categorised according to the quartiles of the age distribution in our sample.
The adjusted prevalence ratios (PRs) (95 % confidence intervals (95% CIs)) were derived from the estimates of the Poisson model to measure the strength of association estimated by the profile likelihood method. The implicit assumption when using a Poisson model for the counts of people with FCA refers to the equality of mean and variance of the response variable. In the case of overdispersion or underdispersion in the response variable (relative to the assumption of the standard Poisson model) the 95% CI underestimates or overestimates the nominal 95% CI, which has to be taken into account in the interpretation.
Results
In the period mentioned, 57 779 of the 64 185 patients examined in the 32 participating centres were patch tested with the fragrance mix contained in the standard series. Multiple consultations were noted in 1454 (2.5%) of 57 779 patients, rarely (n=71) more than twice. Demographic characteristics of the whole patch test population, including time trends of certain features, have been published recently. 15 The MOAHLFA index 16 of the present large subset of this group is male 35.5%; occupational dermatitis 15.3%; atopic dermatitis 18.1%; hand dermatitis 29.9%; leg dermatitis 8.7%; face dermatitis 15.2%; and age 40 and more 57.1%.
Altogether 592 additional people had been tested with the standard series, but with omission of the fragrance mix-that is, about 1% of all patients tested with the standard series. To consider potential bias by selective omission of the fragrance mix associated with certain occupations, the respective proportions were analysed. These varied unsystematically between 0.6% and 1.5%.
The crude prevalences of FCA in our groups of patients with contact dermatitis working in diVerent occupations varied considerably between the extremes, ranging from 2.5% to 17.4% (table 1 v 2). A group of 15 596 patients altogether with undetermined exposuremainly old age pensioners and students-was not considered in this particular analysis. When interpreting the proportions found, and the rank order, the small group sizes should be taken into account. The ranking in tables 1 and 2, which is based on the proportion of at least a weakly positive reaction, reflects the order based on stronger reactivity relatively well, again bearing in mind the even smaller number of at least a++ positive reaction in some occupational groups. There are vast diVerences in the proportions of workers in the respective groups who consulted IVDK centres. This indicates selection processes (see discussion).
Seniority, the number of years spent in the occupation, and its relation to FCA has been analysed. Information on the duration of work in the current occupation had been given in 62.9% of all 57 779 cases. Considerable variation of the distribution of seniority is noted: some occupations are associated with a relatively short latency period until presentation with dermatitis-namely, geriatric nurses, hairdressers, cosmetologists, bakers and confectioners, cashiers, cleaners, loggers and forest workers, and package and transport labourers with a median of 6 years or less, whereas others have a much longer latency period of, for example, 15 years and more (median)-namely, miners, agricultural labourers, teaching professionals, sheet metal workers, and household workers. The distribution of FCA proportions among the respective quartiles of years in an occupation does not show a consistent pattern for both outcomes considered; mostly the proportion of FCA increases with increasing seniority. Poisson regression analysis showed several factors which were associated with a significantly increased risk of FCA (table 3 and 4) . Although the role of occupational exposure to fragrances is the focus of the present paper, the other factors are nevertheless of interest and are thus shown. With increasing age, the risk of FCA increased monotonically up to a PR of 
Significant variation in risk of FCA between the occupational groups was found for both outcomes (p<0.0001 for at least a weak positive reaction and p=0.004 for at least a positive reaction). Several occupations were associated with an increased risk of FCA (based on at least a weak positive reaction) in this analysis-namely, masseur or physiotherapist, metal furnace operator, geriatric nurse, potter or glass maker etc, precision mechanic, photographer etc, cosmetologist, salesperson, and printer etc, with PRs above 1, compared with the reference group chosen (engineers), which is largely in accordance with results of the unadjusted analysis (tables 1 and 2). It should be noted, however, that although the ranking of risk estimates is definite, the actual estimates depend on the definition of the reference group, which is arbitrary (see discussion). In this case, an occupational group with a prevalence of FCA very close to the mean has been chosen.
A check of the underlying distributional assumption of the Poisson regression model showed evidence for some underdispersion in both models, more pronounced for the more restrictive case definition (scaled deviance of 0.631 and 0.407 in the two models, respectively). This means that the computed 95% CIs are too wide and represent a conservative upper bound for the true precision of the adjusted PR. We refrained, however, from incorporating the underdispersion into the model (by a suitable scaling factor), as such a late adjustment for underdispersion gives too optimistic an impression of the precision of estimates.
Discussion
Fragrances are ubiquitous substances and there are numerous chances of contact both in work and in private environments. 1 The fragrance mix is a mixture of eight single fragrance materials still used commonly 17 which for decades have been identified as potential allergens.
14 At the same time, the mix is considered to be a relatively good screening 18 not only of contact allergy to one of its constituents. In populations who have had clinical patch tests it is usually the most common contact allergen after nickel. 1 On the population level, FCA will be rarer than in a population selected for morbidity of suspected allergic contact dermatitis. As a consequence, the positive predictive values of positive patch test results of the fragrance mix will be lower, which can seriously limit the validity of analyses such as ours if using a sample based on a population as opposed to a clinical sample.
The number of workers from a certain occupational group consulting one of the IVDK centres for diagnostic patch testing relative to the mean number of people employed in these occupations in Germany varied considerably between the diVerent occupational groups (tables 1 and 2 ). There are probably many reasons for this.
x The risk of contact dermatitis varies considerably between occupations and thus renders people more or less likely to consult one of the IVDK centres. x Some occupations are associated with a well known high risk of sensitisation to a relatively well defined set of allergens-for example, the hairdressing trade-which may enable adequate diagnosis already on the level of primary dermatological care. This could introduce some bias in underrepresentation in the IVDK centres by selective nonreferral for patch testing. x Access to healthcare institutions may generally be easier for some workers (including those working in the healthcare sector) than for others. However, the contribution of these factors to overall or specific occupation selection cannot be measured well. Thus, our analysis could not incorporate such factors eVectively and the interpretation of our findings based on a sample unrepresentative of the whole population has to be cautious, paying due attention to the potentially biasing eVect of selection.
This unprecedented analysis of clinical surveillance data on contact allergies puts the role of occupation-as a surrogate for more specific occupational exposures-on the development of FCA into the perspective of other risk factors for this particular type of contact allergy by controlling for them in a multivariable analysis.
A first, unadjusted analysis (tables 1 and 2) showed a threefold range of prevalence of FCA, if some smaller occupational groups were disregarded. However, it is well known that occupations may diVer greatly in distribution of sex and age, comparing, for example, hairdressers (predominantly young women) and construction workers (predominantly men). Thus, the proportion of FCA in diVerent occupations could be determined more by these factors-or the actual exposures they represent-than by occupational exposure, and estimates of association may be confounded by such factors. Standardisation for age and sex 19 may circumvent this problem to a certain degree, but additional factors-such as atopy or time of patch testing-may also act as confounders, if they are both associated with the outcome and one of the explanatory factors of interest. This was the reason for performing a multivariable analysis.
The results of the Poisson regression analysis clearly show that there is roughly a threefold variation in risk of FCA between high and low risk occupations, after controlling for other important risk factors. The absolute values of point estimates (PRs) should not be taken at face value, because they depend on the definition of the reference group, which is arbitrary, especially with a nominally scaled attribute, which has no natural end point as a potential reference. However, the ranking and the degree of variation in risk can be regarded as valid. In this case, we opted for a reference group with about average prevalence of FCA for both outcomes. As a consequence, risk, measured as PRs is distributed around this reference. Still, we found significant variation of prevalance (risk) of FCA between occupations when adjusting for the other, potentially confounding factors. In conclusion, we think that it is justified to identify the four occupations with highest risk for both outcomes as targets of further in depth research and prevention (see later).
Weak positive reactions to the fragrance mix may be irritant rather than allergic in some cases. Therefore, a separate analysis, with the same set of explanatory variables, was performed with a more conservatively defined outcome-at least a positive reaction. A comparison between risk estimates for these two outcomes is reassuring in that no important diVerences were noted: risk estimates are mostly similar-taking into account their limited precision-with a few exceptions such as textile workers, drivers and filling station attendants, and carpenters etc (table 4) .
Aimed testing of an allergen may introduce heavy bias, if the reason for aimed testing-for example, working in a certain occupation-is included in the set of explanatory variables. However, in the fragrance mix there is no such eVect, as this mix is tested routinely in the standard series, which is an essential part of the patch test programme for every patient, irrespective of occupation. Likewise there is no detectable downward bias due to aimed omission of the mix from the individual patch test panels related to the occupation of the patient.
Looking at the four occupations which are associated with the highest risk of FCA, harmful occupational exposures can be pinpointed to certain, more or less specific work materials in two of these. In the case of masseurs and physiotherapists, the range of work exposures has recently been reviewed. 20 The authors emphasised the role of irritation by friction and cumulative exposure to emulsifiers and certain lipids, which may enhance penetration of allergens, not to mention the importance of primary irritant dermatitis as a percursor for second stage allergic contact dermatitis to fragrances, 1 which abound in massage lotions and related products.
Geriatric nurses are people who work taking personal care of elderly people in the home or in institutions. In either case they perform various tasks which include, among others, (a) contact with wetness and irritants such as washing solutions, (b) frequent disinfection of the hands, and (c) appliance of body care products and external drugs. 21 All three categories of products are usually perfumed. Thus, the exposure pattern is similar to that of masseurs and physiotherapists, except for the lack of friction, and the risk of primary irritant contact dermatitis is also high. Interestingly, nurses working in patient care (international standard classification of occupations (ISCO)-88: 3230) have a lower prevalence of FCA-possibly (partly) due to some dilution bias introduced by relative overconsultation (already discussed). Specific reasons for this diVerence are diYcult to assess by analysing surveillance data, but should be elucidated by-for example, a cross sectional epidemiological study focusing on relevant exposures.
By contrast, the high risk found for metal furnace operators, casters, etc is surprising and cannot be easily explained on the grounds of our data. Five of the 19 positive reactions (from weak to strong) occurred in a group of only 24 patients tested in Dortmund, thus, a local or regional factor-such as the use of a heavily scented body lotion-as previously reported for a group of coal miners in Nottinghamshire, 22 may possibly have contributed to the eVect found. Similarly, scented compounds have not yet been identified as playing a major part in occupational dermatitis of potters, glass makers, and blowers. 23 On the other hand, several occupations were found to be associated with a low risk of FCA. At least some of these share similarities which may be relevant to the risk of FCA (table 2) . Firstly, construction labourers, and carpenters and joiners, two large groups, are blue collar jobs traditionally chosen by men. Although the risk of irritant contact dermatitis as a potential precursor of contact sensitisation and subsequent allergic contact dermatitis is certainly not low, there is much less contact with scented material beyond an everyday level as-for example, protective emollients, which may be scented, are usually applied by a few in these occupations only. Hairdressing, by contrast, is traditionally chosen by women with a lower class background, at least in Germany. It is characterised by very heavy, largely unprotected exposure to wet work and also to a multitude of heavily scented work products, which many hairdressers apply to themselves as well. Therefore, it is surprising that hairdressers do not have an increased risk of FCA. One speculative explanation could be the heavy exposure to competing, even more aggressive allergens well known in this occupation, which cause allergic contact dermatitis and induce presentation for patch testing before FCA develops (note that the current, and not a previous employment, was used to classify occupation).
The main risk factor of general importance is age, which reflects increasing risk with cumulative lifetime exposure to fragrances. As age is highly correlated with years in occupations (albeit with a diVerent underlying age distribution in diVerent occupations) it will have confounded the respective analysis. It is thus surprising that a steady increase in prevalence of FCA is not always found with increasing seniority in such an analysis. This may point to cohort eVects-cohorts are defined in this case as people taking up a given occupation in the same period-with a similar exposure which has presumably increased over time, whereas people with a longer occupational history may have reached higher, more administrative positions which lessened their exposure. Of course, selection processes-as a variation of the healthy worker eVect-may also play a part in biasing estimates of frequency of FCA downwards for those remaining at work until they eventually get sick and present for patch testing.
Age is, in the Poisson regression analysis, not confounded by stasis dermatitis, which occurs mostly in the older age groups, as this factor has separately been taken into account (45.9% and 23.6% stasis dermatitis, respectively, in the oldest and second oldest age groups). For the site of dermatitis, a roughly threefold risk is found in patients with dermatitis of the axilla, most likely due to the application of deodorants and antiperspirants in this region with several predisposing factors.
14 Leg (stasis) dermatitis is a well known risk factor for the acquisition of contact sensitisation to many ingredients of topical drugs and ointments applied to that region. 5 Also, hand and face dermatitis were associated with an increased risk of FCA, compared with the reference region chosen, which is in line with previous clinical experience 1 -both sites can be regarded as more heavily exposed to emollients and similar products than other regions of the body.
In conclusion, for those occupations identified to be associated with an increased risk, exposure to fragrances should be reduced for primary prevention of FCA-for example, by using truly fragrance free products whenever possible 2 -to lessen the burden of occupational exposure. Due to the ubiquity and complexity of fragrances, this approach calls for a concerted action of the fragrance industry and its research institution (IFRA), manufacturers of work materials and skin care products containing fragrances used occupationally, and occupational physicians monitoring the application of these alternative products at the workplace. In those occupations where relevant contact to fragrances is less obvious, studies should aim to pinpoint relevant exposures.
